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EFFECTS OF CANOPY GEOMETRY ON THE INFINITE MASS
OPENING~-SHOCK FACTOR OF A CROSS PARACHUTE
WITH A W/L RATIO OF 0,264

Prepared by:
William P, Ludtke

ABSTRACT: The effects of cloth permeability, number of suspension
lines, and suspension line length on the infinite mass opening-shock
factor of the cross parachute were investigated in a wind tunnel.
Forty-inch-diameter models with & canopy arm-to-length ratio (W/L)
of 0.264 were deployed at wind-tunnel velocities of 150 or 200 miles
per hour. Results of these tests indicate that cloth permeability
influences the infinite mass shock factor significantly. A decrease
in the cloth permeability results in an increase in the shock factor.
Suspension line length and number of suspension lines do not
appreciably affect the shock factor, The steady-state drag coeffi-~
cients are affected by the cloth and suspension line parameters.

1 T Aot i S ¥

NAVAL ORDNANCE LABORATCRY
Silver Spring, Maryland i

reE

11l

B b bt e e



NOLTR 73-157 31 July 1973

EFFECTS OF CANOPY GEOMETRY OH THE INFINITE MASS OPENINC-SHOCK
FACYOR OF A CROSS PARACHUTE WITH A W/L RATIO OF 0.264

The investigation presented in this report is related to the infinite
mass opening-shock characterlstics of the cross parachute. This work
was performed under the Independent Exploratory Development Frogram,
Task Nc. MAT-03L~000/2F61-512-001.

ROBERT WILLIAMSON II
Captain, US3N
Commander
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LIST OF SYMEOLS

D Drag force, pounds

CD Coefficient of drag

v : Ve;ocity, feeﬁ per second

p Density of air, slugs per foot3

q Dynamic pressure, pounds per f‘oot2
SO Canopy reference ares, foot2

L Lengthh of canopy avm

W Width of canopy arm

W/L Canopy arm width-to~length ratio
Fmex Maximum cpenlng-shock force, pounds
Fss Steady-state drag force of fully open parachute, pounds

DEFINITIONS

Permeability - the rate of airflow through cleth in ft3/ft2/min
when meagsured under a pressure differential of 1/2 inch cof water

. 2" lrd
R A A 2 5 o= 3 iy e A 0

Infinite Mass Shock Factor - the ratio of maximum opening-shock force

to steady-state drag at constant wind-tunnel velocity

Snatch Factor -« the ratic of the snatch force to the ste&dy—étate
drag force

Snatch Force - the force required at line stretch to accelerate the

mass of the canopy and its entrapped air tc the veloclity of thne
primary body

Primary Body - test stand
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INTRODUCTION

Wind-tunriel tests and field tests of various cross parachute
configurations have demonstrated reliable inflation and good aero-
dynamic efficiency at subsonic, transonic, and supersonic velocitiles.
Obstacles to the efficient design and utilization of the cross
parachute are definition of the infinite mass opening-shock factor
and understanding the effects of varlous canopy parameters such as
cloth permeability, number of suspension lines, and suspension line
length on the infinite mass opening-shock factor. A series of wind-
turnel tests were proposed to investligate the effect of the afore-
menticned canopy parameters on the opening shock of the cross
parachute.

APPROACH

Three series of model cross parachutes were designed, using
a canopy cloth of different air permeability for each series. All
models consisted of two panels 4o inches in lengtn with a W/L =
0.2€4, The two panels were arranged to form the configurations
{llustrated in Figure 1. Each series of models consisted of three
parachutes with 8, 16, and 2% suspension lines, respectively, for
the same canopy cloth with suspersion line lengths as shown in
Table 1. In this manner, twenty-seven model parachutes were availa-
ble for testing. Parachute construction and deployment sleeve
details are illustrated in Figure 2, and the materials used in the
construction of the models are enumerated in Tabtle 2,

The wind-tunnel tests were conducted at the University of
Maryland 7-foot by ll-foot Cross Section Subscnis Wind Tunnel zat
College Park, Maryland. The floor-mounted wirnd-tunnel suppert
system, Figure 3, was designed to house the folded parachute prior
to deployment. The parachute suspension lines weie attached to the
aft end of the housing which was connected to the calibrated
aerodynamic force sensing device. An oscillograph was electrically
connected to the force sensing device tec graphically record the
force time history of the deploying parachute, see Figure 4. The
test parachute was carefully folded longitudinally and stowed in
a deployment sleeve which enclosed the entire cancpy and four inches
of the suspension lines. The center portion of the canopy was
locked into the deployment sleeve. A small extractior parachute
was attached to the deployment sleeve and provided the deployment
force for the test parachute. Deployment was initiated by withdrawal
of a sclenoid-operated locking pin. Each parachute was subjected to
three valid test runs at wind-tunnel velocities of 150 or 200 miles
per hour. The wind-tunnel velocity was reduced from 200 miles per
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Rouy to 15C miles per hour for the number 1 series of parachutes due
to the canopy ’rstauil**y cauged bty the low cloth permeability.
3ixteer~-millimeter motion plcture coverage at H00 frames per second
was made of one test of each paruc1 ute After deploymunt of the
test pariCLut e, the Velu:1'w of the wxhd tunnel was verified to be
unchanged and a steady-stal rag recorded by the osclillograph.

Test data were reduced to ecefficlicent form by means of the
iOlthLh& Tormulsae:

(]
g = ZLY - W

INFIRITE MASS _ Maximum Shock Fecrce
SHOCK FACTCR ~ Steady-3tate Drag Force

eference aresa of 211 parachute models used in this test
eat«

RESULTS

With refererce te Table 3, the results of this study demonstrate
that the permzability of the ¢ross parachute cloth is the dominant
element affecting the magnitude of the _parachute snock factor. The
nunter of suspernsiorn lires arnd suspension lire lengths do nct
appreciably alter the opening-shock characteristics. Suggested
design values of infinite mass opening~shock factoy are illustrated
ir Figure 5. 1ypical cross parachute deployment force time
oscillographs are illustrated in Figure 6.

Aralysis of the irfinite mass snatch factors obtained from the
st data irdicates a range of va 1uea from 0.486 to 1.358. Trerds
l ted to the parachute geomeiric and airflow factors under study
cre r.ot evident. The srnatch ractors were influerced by the
nteractior of the aercdynamic drag of the extraction parachute and
some ircersistency caused by the locking feature of the deployment
ag. The snatch factors determined in this test series do not appear

be truly irdicative of this type of parachute,.
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The paraciule drag cvelficiaenty presented in Table 4 ware
cbtalned from the steady-state drag run of the varicus parachutes.
These data indleate that invorereing 4he permeability of the canopy
cloth reduces the drag of the paracnute while an increase in the
suspensior line length or numbzr of suspension lines lmproves tho
drag-produclng capability. :
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